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0 Magnetic core and method of producing sama 



0 A magnetic core made of an Fe-t>ase soft magnetic alkyy consisting essentially of Fe, Cu and M wherein M 
is at least one of the elements, Mb. W. Ta. Zr« Hf« Ti and Mo. at least 50% of the alloy structure being occupied 
by fine crystalline particles, and the change ratio X of the effective permeabiSty with time of saki magnetic core 
being oJ3 or less, where X is defined by the folEowing formula: 

X s 1 - Ub ' Ua 

wherein Ha is the effective permeability at 1 kHz, and Ub is the effective permeability at l kHz after heating at 
100 * C for 1000 hours in the air. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a magnetic core having good friagnetic characteristics which are less 
changeable with time, and more particularty to a magnetic core for semiconductor circuit reactors, common 
mode chokes transformers, motors, etc 

liAagnetic cores for the above appGcations are geneially required to have small magnetostriction, high 
5 effective permeal>ility and a high saturation magnetic fiux density, and also it is required that these 
magnetic properties are less changeable with time, meaning that they have good durability. 

In addition to the above characteristics, particularly when used as a saturable reactor for a magnetic 
amplification arcuit the magnetic cores are required to have a low core loss and good control magnetiz- 
ation characteristics (a low uncontrollable magnetic flux density). 
to A semiconductor circuit reactor is used to prevent electric currertt larger than a rated value from flowing 
through a semiconductor arcuit due to current spike or electric linking generated by on and off of the 
semiconductor circuit thereby avoiding the breakage of the semiconductor circuit, and also to prevent 
errors due to noises. Thus, such a reactor is particularly required to have high effective permeability and a ^ 
high squareness ratio to suppress the above abnormal current 
rs For a common mode choke, a magnetic core should have a large operable effective magnetic Rux 
range to prevent a monopolar noise, and it shouU have a small squareness ratio of a DC B-H curve. 

For a transformer, a magnetic core shouki have a smafl squareness ratio of a DC B^H curve to prevent 
a monopolar noise as in a comnruvi mode cfioke. and it is required to have excellent high-frequency 
characteristics, particulariy a small core loss at high frequency, because recent switching power supplies 
20 have been getting opiated at higher frequency. 

Recently, as such materials of having saturation magnetic flux density, Fe-base and Co-k)ase amor- 
phous alk^ys have been getting much attentioa Cotase anorphous aitoys have a small magnetostriction 
and high effective penmeabilrty. Their use for saturable reactors were proposed by Japanese Patent Laid- 
Open Nos* 57-210612 and 57-21512. On the other haiKt, Fe-base amorphous alloys have higher saturation 
25 magnetic flux density than Co-t>ase amorphous aRoys and also Fe-base amorphous alloys can have high 
squareness ratio when heat-treated in a nornixidizing atmosphere as descrit)ed in Japanese Patent 
PubOcation No. 58-1183. 

Despite the fact tftat the Fe-base amorphous alloys have higher saturation magnetic flux density than 
tfie Co-ba^ amorphous altoys. the former altoys are inferior to the latter altoys in a core toss and control 

30 magnetization ctiaracteristics, particularly when tfiey are used for a saturable reactor in a magnetic 
amplification circuit of a switching power supply operated at a high frequency of 20 kHz or more. Because 
the Fe-t)ase amorphous alloys have large total control magnetizatk>n force, large control magnetization 
cunmrt is req u ired to control output voltage, leading to temperature increase of the magnetic core, and also 
increasing a toad of ttte contiol circuit decreasing its effk:t8ncy. and making other parts nearby less 

35 durable. In adcfib'on. when a semiconduct o r circuit reactor is formed from an F&-base amorphous altoy. it 
shows extnmefy high magrtetostriction and tow effective permeatMlity. so that spike current etc. cannot 
effectively be prevented. 

In tile meantime, a transformer of a switctiing power supply is conventionally made of Mn-Zh ferrite. but 
it was proposed by Denkitsushin Gakkai Tecfmlcal Report PE 84-3812 to use an Fe-t)ase amorphous altoy 

40 for a transformer of a switchirtg power supply operabto at high frequency. However, as this Technical 

Report points out when an Fe-iiase amorptious aUoy is used, the core shows large magnetostriction, which ^ 
leads to deterioration of magnetic properties by mechanical stress, and also the deterioration of high- 
frequency magnetic characteristics takes place when ttte core is cut or impregnated witti a resin. 

Accordingty. it fias been desired to provide a material which has tow magnetostriction and high effective 

45 permeatMlity comparabto to those of Co-base amorphous altoys and high saturation magnetic flux density 
comparable to ttiat of the Fe-tsase amorpfious altoys, such characteristics being sut)stantially unchangeable 
with time. 

Japanese Patent Laid-open Ma 62-101008 cfisctoses a pseudo-crystalline material having fine cry- 
stalline particles of 0.1 u m or less uniformly dispersed in an amorphous matrix phase in a volume larger 
50 ttian tiiat of the matrix phase, which may be used as a magnetic core with magnetic characteristics little 
ctiangeat>le with time in a magnetic circuit This pseudo-crystaltirte material has improved heat resistance, 
but its magnetic properties are not so improved. 
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OBJECT AND SUMMARY OF THE INVENTION 

Thereforo. an object of the present invention is to provide a magnetic core having high saturation 
magnetic f!ux density and effective permeatxPrty and a low core loss. As a result of intense research, the 
inventors have found that such a magnetic core can be produced from an Fe-t)ase soft magnetic alloy 
consisting essentially of Fe, Cu and M, wherein M is at least one element selected from the group 
consisting of Nb. W. Ta. Zr. Hf. Ti and Mo. at least 50% of tiie alloy structure being occupied by fine 
crystalGne particles, the magnetic core having a change ratio of effective permeability witfi time (X) of 0.3 or 
less. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 Is a graph showing the effective permeability u of magnetic cores changing witii time; 
75 Rg. 2 is a graph showing the X-ray diffraction pattern of the Fe-base alloy ribbon manufactured by a 

single roll method in Example 1; 

Rg. 3 (a) is a graph showing the X«ray diffraction pattern of the Fe-base alloy ribbon heat-treated in 

Example 1; 

Rg. 3 (b) is a transmission electron photomtcrograph of the Fe-base alloy ribbon heat-treated in 
20 Example 1: 

Rgs. 4 (aHh) are graphs showing various heal treatment patterns In which "a* denotes rapid heating 
and "b" dertotes air cooling; 

Rg. 5 is a perspective view showing a toroidaJ wound core of ttie Fe-base alloy tfttom m Example 1: 
Rg. 6 is a schematic view showing a circuit for measuring the control magnetization properties of a 
25 magnetic core; 

Rg. 7 is a ^raph showing the characteristics of a magnetic core as a saturable reactor. 
Rg. 8 is a graph showing the relation t)6tween A B and a magnetic field H; 
Rg. 9 is a graph showing the relation between a core loss and frequency; 
Rg. 10 is a graph showing ttte relation between A Bb. A B and a magnetic field H; 
30 Rg. 1 1 is a graph showing ttie relations between Bio. BrBio. core loss and He and temperature; 

Rg. 12 is a graph showing the relations between output voltage, n and temperature increase A T at a 
core case surface and current at a 12V toad: 

Rgs. 13 (aHc) are graphs each showing a DC B-H curve; 

Rg. 14 is a graph ^u>wing the relation between a specific core gain Go and X ( atomic %): 
35 Rg. 15 is a graph showing the relation t)etween a specific core gain Go and a ( atomic %}; 

Rg. 16 is a per^)ective view showing a semiconductor circuit reactor; 

Rg. 17 is a schematic view showing a basic drcuit of a switching power supply using tiie 
semiconductor drcuit reactor of Rg.16; 

Rg. 18 is a graph showing the wave forms of load current in which A denotes a case where \he 
40 semiconductor drcuit reactor of tiie present invention is not used, and B denotes a case where die reactor 
is used: 

Rg. 19 is a schematic view showing an example of a semiconductor drcuit reactor including ttie 
reactor of ttie present invention: 

Rg. 20 is a schematic view showing an example of acommon mode choke: 
45 Rg. 21 is a graph showing the relation tsetween a noise level and frequency; 

Rg. 22 (a) is a perspective view showing a toroidal wound core; 

Rg. 22 (b) is a perspective view showing a magnetic core produced from ttie toroidal wound core of 
Rg. 22(a); 

Rg. 23 (a) is a graph showing a DC B-H curve; 
50 Rg. 23 (b) is a graph showing ttie relation between pulse permeability u. and A B; 

Rg. 24 is a graph showing ttie relation between ttie absolute value of complex pemieability | u | and 
frequency: 

Rg. 25 (a) is a perspective view showing an E core: 

Rg. 25 (b) is a persjpective view showing an B4ype magnetic core for a transformer. 
55 Rg. 26 (a) Is a schematic view showing a drcuit for evaluating pulse attenuation characteristics; 

Rg. 26 (b) is a graph showing ttie relation between output pulse peak voltage and input pulse peak 
voltage: 
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Rg. 27 (a) is a schematic view showing a circuit tor measuring the dependency of attenuation on 
frequency; 

Rg. 27 (b) is a graph showing the relation t)etween attenuation and frequency: 
Rg. 28 (a) is a pm^pective view showing a torotdaJ wound core: 
5 Rg. 28 (b) is a perspective view showing a cut core: and 

Rg. 29 is a graph showing the relation between a core toss and frequency. 

DETAIUED DESCRIPTION OF THE INVENTION 

The magnetic core of the present invention having a change ratio of effective permeability with time (X) 
of 0.3 or less is garteraUy produced from an Fe-base soft magnetic alloy consisting essentially of Fe. Cu 
and M. wherein IM is at least one element selected from the group consistir^ of Nb. W. Ta, Zr, Hf. Ti and 
Mo. at least 50% of tfie alloy structure being occupied by fine crystalline particles. 
T5 Specifically, the Fe-base soft magr^tic alloy used for the magnetic core according to the present 
invention may generally have the composition represented by the general formula: 

(Fiei.aMa >ioo*y^z.aCUxSiyBzM'a 

whereifi M is Go andor Ni. is at least one element selected from the group consisting of Nb. W. Ta Zr. 
Hf. Ti and Mo. and a. X; y. z and a respectively satisfy OS aS OJ. 0.1S 3. OS yS 30. 0$ z$ 25. y -i-zS 
20 30 and 0.1S a S 30. at least 50% of the alloy structure being occupied by fine crystalline partides. 

Another type of an Fe-base soft magnetic alloy suitatile for the present invention has the composition 
rep r esented by tiie general formula: 

wherein M is Co and/or Ni, m' is at least one element selected from the group consisting of Nb. W. Ta Zr. 

25 Hf. H and Mo, M* is at least one element selected from the group consisting of V, Cr. Mn. At . elements in 
the platinum group. Sc. Y. rare eaorth elements, Au. Zn. Sn and Re. X is at least one element selected from 
tiie group consisting of C. Ge, P. Ga. Sb, In. Be and As. and a x. y. z . a. ^ and -y respectively satisfy OS 
a^ 0^. 0.1S x:S 3, OS yS 30, OS 25. 5:^ y*zi 30. OAS a S 30. ^ S 10 and y S 10. at least 50% of ttie 
alloy structure being fine crystalfine particles having an average particle size of 1000 A or less. 

30 In each of the atxive Fe-t>ase soft magnetic alloys. Fe may be sut)stituted by Co and/or Ni in the range 
of up to 0.3. When M (Co and'or NI) exceeds 0.3. the magnetic core's control, magnetization properties 
d et er i or ate . However, to have good magnetic properties such as low core loss and magnetostiction, tiie 
content of Co and'or Ni which is represented by "a" is preferably 0-0.1. Particularly to provide a low- 
magrtetrostriction alloy, the range of "a" is pr0ferat>ly 0-0.05. 

35 Cu is an indispensable element and its content "x' is 0.1-3 atomic %. When it is less ttian 0.1 atomic 
%. sut^stantially no ^fect on the reduction of core loss and on the increase in permeak)ility can be obtained 
by ttie adcfition of Cu. On ther other hand, wtten it exceeds 3 atomic %. the resulting magnetic core's 
control magnetization (Mroperties become lower than tho^ containing no Cu. The preferred content of Cu in 
ttie present invention is 0.5-2 atomic %. in which range the magnetic core can have control magnetization 

40 properties comparable to those Co-base amorphous alloy magnetic cores. 

The reasons why tiie core loss decreases and the permeability increases by the addition of Cu are not 
fiilly dear, but it may be presumed as fbilows: 

Cu and Fe have a positive interaction parameter so ttiat their sulutMlity is tow. Accordingly, when tiie 
alloy is heated while it is amorphous, iron atoms or copper atoms tend to gather to form clusters, thereby 

45 producing compositional flu±jation. This produces a lot of domains Hkely to be crystalBzed to provide 
nuclei for generating fine crystalline particles. These crystalline particles are t>ased on Fe. and since Cu is 
substantially not solut^le in Fe. Cu is ejected from the fine crystalline particles, whereby the Cu content in 
tiie vicinity of the crystalQne particles becomes Itigh. This pr8sumat>ty suppresses tiie growth of crystalline 
particles. 

50 Because of tfie formation of a large numt)er of nuclei and the suppression of tiie growth of crystalline 
particles by ttie adcfition of Cu. tiie crystalline particles are made fine, and tttis phenomenon is accelerated 
by ttie inclusion of Nb. Ta. W. Mo. Zr. Hf. Ti. etc.' 

Without Nb. Ta. W. Mo. Zr. Hf. Ti. etc. ttie crystalfine particles are not fully made fine and ttius ttie soft 
magnetic properties of ttie resulting alloy are poor. Particularly (stt> and Mo are effective, and particutarty Nb 

55 acts to keep tfie crystalBne particles fine, thereby providing excellent soft magnetic properties. And since a 
fine crystalfine phase based on Fe is fomied. tfie Fe-base soft magnetic alloy has smaller magnetostriction 
ttian Fe-base amorphous albys, which means that tfie Fe-base soft magnetic alloy has smaller magnetic 
anisotropy due to internal stress-strain, resulting in improved soft magnetic properties. 
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Without the addition of Cu, the crystalline particles are unfiicely to be made fine, fristead. a compound 
phase is likefy to be formed and crystallized, thereby deteriorating the magnetic properties. 

SI and B are elements particularly for making fine the afloy stnxrture. The Fe-base soft magnetic alloy 
Is desirably produced by once forming an amorphous alloy with the addition of Si and B. and then forming 
s fine crysMIIine particles by heat treatmerrt 

The content of SI ("yl and that of B ("z*) are y^ 30 atomic %. OS zi 25 atomic %. and 5^ y + zi 30 
atomic %. because the alloy wouM have an extremely reduced saturaticm magnetic flux density if othen^ise. 

In the present inventk>n. the preferred range of y is &-25 atomic %. and the preferred range of z is 2-25 
atomic %. and the prefenred range of y-i-z is 14^ atomic %. When y exceeds 25 atomic %. the resulting 
w alloy has a relatively large magnetostriction under the condition of providing good soft magnetic properties, 
and when y is less than 6 atomic %. sufficient soft magnetic properties are not necessarily obtained. The 
reasons for limiting the content of B ("z") is that when z is less than 2 atomic %. unifonn crystalline particle 
structure cannot easily be obtained, somewhat deteriorating the soft magnetic properties, and when z 
exceeds 25 atomk: %. the resulting alloy woukJ have a relatively large magnetostriction under the heat 
f 5 treatment condition of providing good soft magnetic properties. With respect to the total amount of SI B 
(y-t-z). ¥vhen y-i>z Is less than 14 atomic %. it is often diffknilt to make the altoy amorphous, providing 
relatively poor magnetic fvoperties. and when y-i'z exceeds 30 atomic % an extreme decrease in a 
saturation magnetic flux density and the deterioration of soft magnetic properties and the increase in 
magnetostriction ensue. More preferably, the contents of Si and B are IDS yS 25. 3£ zS 18 and 18S y-i-zS 
20 2a and this range provides the alloy with excellent soft magnetic properties, particulariy a saturation 
magnetostriction in the range of *5 se 10~^- -t-S x 10^. Particularly prefenred ranges are IIS yS 24. 3S zS 
9 and 182 y-t^zS 27. and this range provides the alloy with a saturatton mag n etrostrictio n in the range of 
-1.5 X 10^- +1.5 X 10-^. 

In the present invention, m'. when added together with Cu, acts to make the precipitated crystalline 
25 particles fine, m' Is at least one element selected from the group con^sting of Nb, W. Ta. Zr. Hf , Ti and 
Mo. These elements have a function of elevating the crystalQzation temperature of the alloy. Synergistically 
with Cu having a function of forming dusters and thus towering the crystallization temperature. Nb. etc. 
suppress the growth of the predpitated crystalline particles, thereby making them fine. 

The content of m' (a) is 0.1-30 atomic %. When It is less than 0.1 atomic %. sufficient effect of making 
JO crystalline particles fine cannot be obtained, and when It exceeds 30 atomic % an extreme decrease in 
saturation magnetic flux density ensues. The preferred content of M Is 0.1*10 atomic %. and more 
preferai)ly a is 2-^ atomic %. in whk:h range partk:ulariy excellent soft magnetic properties are obtained. 
Incidentally, most preferable as m' is Nb and/or Mo. and particularly Nb In terms of magnetic properties. 
The addition of M provkles the i=e-base soft magnetic alloy with as high permeability as that of the Co- 
os base, higf>-permeabllity materials. 

M*. which Is at least one element elected from the group consisting of V, Cr. Mn. Al. elements in the 
platinum group. Sc. Y, rare earth elements. Au. Zn, Sn and Re. may be added for ttie purposes of 
improving corrosion resistance or magnetic properties and of adjusting magnetostriction, but its content is at 
most 10 atomic %. V^hen the content of m' exceeds 10 atomic %. an extreme decrease in a saturatton 
40 magnetic flux density ensues. A particularly prefened amount of m' is 5 atomic % or less. 

Among them, at least one element selected from the group consisting of Ru. Rh. Pd. Os. tr. Pt.Au.Cr 
and V is capable of providing the altoy with pM'cularly excellent corroston resistance and wear resistance, 
thereby making it suHatile fbr magnetic heads, etc. 

The Fe-base soft magnetto alk>y may contain 10. atomic % or less of at least one element X selected 
45 from the group consisting of C, Ge. P. Ga. Sb. In. Be. As. These elements are effective for making the alloy 
amorphous, and wften added with Si and B. tfrey help make the alloy amorphous and also are effective fbr 
adjusting the magnetostriction and Curie temperature of the alloy. 

In sum, in the Fe-base soft magnetic altoy having the general fonmula: 

(FeiHiMa)ioo«r»aCUi^iyBiM'a 
50 tfie general ranges of a. x, y. z and a are 

OS a:^ 0.5 0. 1 S x^ 3 0^ y^ 30 0$ zS 25 5S y •!> zS 30 0. 1 ^ a £ 30, 
and ttie preferred ranges thereof are 

0$aS0.30.UxS3 0SyS2521z£2514Sy+z2 30 0.1$aS10, 

and tfte more preferable ranges are 
55 OS as 0.1 0.5SxS210SyS2S3SzS1818Sy<i-zS2B2SaS8. 

aiKi the most preferable ranges are 

OS as 0.05 0.5S }^ 2 1 1 S yS 24 3S zS 9 1 8S y + zS 27 2S a S 8. 
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And in the Fe-base soft magnetic alloy having the general formula: 

|FeisiM3)ioo.»y.2<r-^CUxSiyBzM 0^ 

the general ranges of a, x, y. z. a . ^ and y are 

0£ a^ 0.5 OS X ^ 3 0.1S y^Z00Sz^255S y-t-zS 30 O.U a S 30 ^ S 10 7 ^ 10. 
5 and the preferred ranges are 

OS as 0.3 0.1s xS36SyS25 2S2S2514Sy*-zS30 0.1S aSIO^SS-ySS. 
and the more preferable rartges are 

OS as 0.1 0.5S xS2 10s yS25 3SzS 18 ISSy-i'ZSasaSaSSiSSST^ 5. 
and the most preferable ranges are 
«g OS as 0.05 0.5S xS 2 IIS yS 24 3S 2S 9 18S y-^zS 27 2S a S 8 3 S 5 7 ^ 5. 

The Fe4>a^ soft magnetic alloy having the above composition has an alloy structure, at least 50% of 
which consists of fine crystalline particles. These crystalline particles are based ona -Fe having a bcc 
structure, in which Si and B. etc. are dissolved. These crystalline particles have an extremely small average 

75 particle size of IOO0A or less, and are uniformly distributed in the alloy structure. Incidentally, the average 
particle size of the crystalline particles is determined by measuring the maximum size of each particle and 
averaging them. When the average partide size exceeds 1000 A , good soft magnetic properties are not 
otMained. It is preferably SOO A or less, more preferably 200 a or less and particularly 50-200 A. The 
remaining portion of the alloy structure other than the fine crystalline particles may be mainly amorphous. 

20 Even with fine crystallme particles occupying sut)Slantially 100% of the alloy structure, the Fe-t>ase soft 
magnetic altoy has sufficiently good magnetic properties. 

Incidentally, with respect to inevitat>le impurities such as N. O. S. it is to be noted that the inclusion 
thereof in such amounts as not to deteriorate the desired pmperties is not regarded as changing the alloy 
composition suitable tor the magnetic cores of the present invention. 

25 Next the method of producing tfie Fe-b^ soft magnetic alloy will be explained in detail below. 

Rrst an alloy melt of the above composition is rapidly quenched by known liquid quenchir^ methods 
such as a single roll method, a dout)le roll method, etc to^ form amorphous alloy ribbons. Usually 
amorphous alloy ribtxms produced by tfte single roll method, etc. have a thickness of 5-100 u m or so. and 
those having a th^kness of 25 u m or less are particularly suitable as magnetic core materials for use at 

so high frequency. 

These amorpftous alloys may contain crystal phases, but the altoy structure is preferat>iy amorphous to 
make sure the formation of uniform fine crystalline particles by a subsequent heat treatment Incidentally, 
the Fe-t)ase soft magnetic altoy containing fine crystalline particles can be produced directly by the liquid 
quenching method witfraut resorting to heat treatment as tong as proper conditions are selected. 

35 The amorpfious rit>tx)ns are wound, puncfted, etched or subjected to any other working to desired 
shapes before heat treatment for the reasons ttiat ttte ribtXMis have good workability in an amorphous state, 
but that once crystalBzed ttrey tose such worfcatnCty. 

The heat treatment is canried out by heating the amorphous altoy ribbon wortced to have the desired 
shape in vacuum or in an inert gas atmosphere such as hydrogen, nitrogen, argon, etc. The temperature 

'SO and time of tfie heat treatment vary depending upon the composition of the amorphous altoy nb\x>n and the 
shape and size of a magnetic core made from the amorpfious altoy ribbon, etc.. but in general it is 
preferably 450-700* C for 5 minutes to 24 hours. When the fteat treatment temperature is tower than 450 
* C. crystallizatton is unlikely to take place with ease, requiring too much time for the heat treatment On the 
other hand, when it exceeds 700*C , coarse crystalline particles tend to be fomned, making it difficult to 

45 obtain fine crystalline particles. And with respect to the heat treatment time, when it is sfiorter than 5 
minutes, it is difRcuit to fieat tfte overall wound core at unifbnn temperature, providing uneven magnetic 
properties, and when it is longer than 24 hours, productivity becomes too tow and also the crystalline 
particles grow excessively, resulting In ttte deterioration of magnetto properties. The preferred heat 
treatment concfittons are. taking into consideration practicafity and uniform temperature control, etc.. 500- 

50 650* C for 5 minutes to 6 hours. 

The heat treatment atmosphere is preferably an inert gas atmosphere, but it may be an oxidizing 
atmosphere such as the air. Cooling may be carried out property in tfie air or in a fumace. And the heat 
treatment may be conducted by a plurality of steps. 

The heat treatment can be earned out in a magnetic field to provide tfie altoy with magnetic anisotropy. 

55 When a magnetto fieU is appGed In parallel to tfie magnetic path of the magnetto core of the present 
invention in tfie heat treatment step, the resulting heat-treated magnetic core has a good squareness ratio in 
a B-H curve tfiereof, so that it is particularfy surtabto for saturabto reactors, magnetto switches, pulse 
compression cores, reactors for preventing spike voltage, etc On tfie other hand, when the heat treatment 
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is conducted while appfyfng a magnetic field in perpemficular to the magnetic path of a magnetic core, the 
B-H curve inclines, providing it with a small squareness ratio and a constant permeability. Thus, it has a 
wider operational range and thus is suitable for transformers, noise fitters, choke coils, etc. 

The magnetic field need not be appHed always during the heat treatment and it is necessary only when 
5 the alloy Is at a temperature lower than the Curie temperature Tc thereof. In the pre-sent invention, the alloy 
has an elevated Curie temperature because of crystalGzation than the amorphous counterpart and so the 
heat treatment In a magnetic field can be carried out at temperature higher than the Curie temperature of 
the corresponding amorphous alloy. In a case of the heal treatment in a magnetic field, it may be cam'ed 
out by two or more steps. Also, a rotational magnetic field can be applied during the heat treatment 
10 The magnetic core of the present invention preferably has a saturation magnetic flux density B, of lOkG 
or more and effective permeability u eucHz of 5 x 10^ or more. 

In the present invention, a change ratio of effective permeatMlity with time PQ Is defined by ttie following 
formula: 

X - 1 - UirUa 

IS wherein u a is effective penneability at 1kHz of a sample before test and u b is effective permeabiOty at 
1kHz of a sample after a test of heating it at 100*C for 1000 hours in ttie air. The heating test can be 
conducted In a constant-temperature fumace. 

This change ratio X shouM be 0.3 or less, and is preferat>ly 0.1 or less and more preferably 0.05 or 

less. 

20 As described above, to avoki ttte deterioration of magnetic ctaracteristics of ttie magnetic core by 
internal stress generated when Impregnated or coated witti a resin. It is desirable that ttie magnetic core has 
saturation magnetostriction X s of ••-S x 10^ - -5 x 10"*. and more particulariy +1.5 x 10"* - -1.5 x 
10"*. 

By using ttte Fe-t)ase soft magnetic altoy having ttte atx>ve compo^tion and characteristics, a saturable 
2S reactor, a semteonductor circuit reactor, a common mode choke, a normal mode choke, a high-frequency 
transformer, a motor core, etc can be provided. 

In the case of a saturable reactor or a semiconductor reactor, the former should have a large 
controllable range and ttte latter should prevent spike current without reducing the voltage to be applied to 
ttte drcuit Therefore, ttte magnetic core for both reactors should have a squareness ratio Br Bto of a OC B- 
30 H curve which is desirably 70% or more and particulariy 80% or more. Incidentally. B, means a reskiual 
magnetic flux density and Bio means a magnetic flux density at 10 Oe which is almost equal to a saturation 
magnetic flux density. Such a hi^ squareness ratio can be obtained by heat treatment while applying a 
magnetic field in parallel with ttte magnetic pattt of the magnetic core. 

For a saturable reactor, it is desired tttat the magrtetic core has an uncontrollable magnetic ftux density 
35 A Bb of 3kQ or less at 50kHz t6 prevertt voltage from changing when load cunrent increases. 

When the magrtetic core of the present invention is used for a reactor for a s^iconductor drcuit it 
shows an excelloit function of preventing spike voltage from flowing through ttte serhiconductor drcuit 

When it Is used for a common mode choke or a high- frequency transfbmter, a large effective magnetic 
flux density ran^ can be achieved to a mono-polar pulse voltage input AccoroBngly, its DC B-H curve 
40 desirably has a squareness ratio B,/Bto of 30% or less. 

To reduce a core toss, it is desired tttat eittter or bottt of ttte ribbon surfaces are partially or totally 
coated wittt an insulating layer. This insulating layer can be formed by various rnetttod. For instance, it can 
be formed by attaching insulating powder such as SiOz. MgO. AbOs. etc. to ttte ribbon surface by 
immersk>n. spraying, electrophoresis, etc A tttin layer of 902. etc may be formed by sputtering or vapor 
45 deposition. Alternatively, a mixture of a solution of modified alkylstlicats in akx)hoi witti an add may be 
applied to ttte ribbon. Furttter. a fbrsterite (MgSiO*) layer may be fomted by heat treatment Furttter. a sol 
obtained by partially hydrolyzing SiQ2-TI02 metal alkoxide may be mixed wittt various ceramic powder, and 
the resultirtg mixture may t)e applied to the rit)tx>n. Further, a solution mainly containirtg a polytitanocar- 
bodlane may be applied to ttte n'bbon and ttten heated. Further, a phosphate solution may be applied and 
so heated. In addition, ttte insulating layer may be formed by applying an oxidizing agent to tiie ribbon and 
heating it 

Fbr the purpose of produdng a saturat)ie reactor, etc from the wound core, the wound core may 
consist of ttte altoy ribbon and an insulating tape I n terposed between the adjac^ ribbon layers. This 
wound core can t)e fomrted by laying the insulating tape on ttte rit)bon aitd winding ttiem. This insulating 
55 tape may be a polyimkie tape, a ceramic flt)er insulating tape, a polyester tape, an aramide tape, a glass 
fib&r tape, etc 

When a highly heat^nsulating tape is used, the wound core containing such tape may be subjected to 
heat treatment 

7 
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(n the case of laniinated core, an insulating thin film is inserted between the adjacent layers to achieve 
msuiating tietween the alloy sheet layers. In this case, materials having no flexibifity. such as ceramtcs. 
glass, mica, etc may be used for the insulating thin film. When these materials are used, heat treatment 
can be conducted after lamination. 
5 in the case of a wound core, an inner end and an outer end of the rihbon should be fixed to the wound 
core tx)dy to prevent loosening of the wound core. The fixing of the ribbon ends can be conducted by 
applying a laser beam or electric energy to a spot for fixing, or by using an adhesive or an adhesive tape. 

Incidentally, the F^-base soft magnetic alloy nbtoon is desirat>ly plated or coated to prevent conrosion. 
Further, the wound core may be contained in an insulating case, and such a material as grease can be 
used to fill a space between the wound core and the case to ensure the insulation artd anti-corrosion of the 
wound core. Because the magnetic core of the present invention is rnade of an Fe-t)ase alloy, its isolation 
from the air is particulariy important 

The present inv^ition will be explained in detail by the following Examples, without intention of 
restricting the scope of the present invention. 

rs 

Example 1 

A melt having a composition (by atomic %) of 1% Co, 13l5% Si. 72% B, 2.5% Nb and t>alance 
20 sut>stantially Fe was formed into a ribbon of 4.5 mm in width and 18 u m in thickness by a single roll 

method. The X-ray diffraction of this ribbon showed a halO pattern peculiar to an amorphous alloy in Fig. 2. 

A transmission electrm photomicrograph of this nbbm also showed no crystal particles in the alloy 

structure. As is clear from the X-ray diffraction and the transmission electron photomicrograph, the resulting 

ntibon was almost completely amorphous. 
25 Next this amorphous rittoon was formed into a toroidal woutkI core of 10 mm in inner diameter axtd 13 

mm in outer diamefeer as shown in Ftg. 5. and then heat-treated in a nitrogen gas atmosphere at 550 * C for 

one hour. 

This toroidal wound core was contained in a core case made of a phenol resin, and 10 tums of wires 
were wound around it on t)Oth primary and secorujary sides. This magnetic core was placed in a constant- 

30 temperature furnace at 100 *C to measure the change of its effective permeability with time. The results 
are shown in Ftg. 1. in wttich A denotes the magnetic core of this Example. For comparison, an amorphous 
alloy having the composition 0^ atomic %) of 0.4% Fe. 5.9% Mn. 15% Si. 9% B and balance sut)stantialty 
Co and an Fe-t>ase amorphous alloy havrrtg the same c o mposition as Af (this Example) without heat 
treatment was formed into magn^ cores in the same manner as at)Ove. artd their effective permeability 

35 was measured with the lapse of time. The results are also shown in Fig. 1. in which Bt denotes the 
ntagnetic core macte of the Co-base amorphous alloy arxj C- the magnetic core made of the Fe-base 
amorphous alloy (FebatCu- IMb^sSlia^B/a) which was not heat-treated. 

It is clear from Rg. 1 that effective permesdUGty did not substantially change with time for the magnetic 
core of the present invention (change ratio of effective permeability with time x » 0.02). while .< was as high 

40 as 0.73 for the magnetic core of the Co-base amorphous alloy (Comparative Bcample). And in the case of 
the Fe-base amorphous alloy having the same composition, x was as tow as 0.03. but its effective 
permeabiBty itself was too taiw to be used for magnetic cores. Thus, it has been verified that the magnetic 
core of the present invention has excellent durability due to a low change ratio of effective permeability with 
time. 

45 The magnetic core of the present invention was decomposed to armiyze the metal structure of its 
ribbon t>y X-ray cfiffraction and transmission electron microscopy. Rg. 3(a) shows the X-ray diffraction 
pattern of the Fe-t>ase alloy of tttis Example, and Rg. 3<b) schematically shows the transmission electron 
photomicrog rap h of the same Fe-t>ase alloy in which 1 denotes fine crystalfine particles or grains and 2 a 
matrix phase. It is presumed that this matrix phase is amorphous, but when the heat treatment temperature 

50 IS high, it may be converted to a fine crystal phase. 

It has been confirmed from the X-ray (Effraction pattern and the transmission electron photomicrograph 
that the Fe-base alloy of this Example contains extremely fine crystalline particles made of a bcc Fe solid 
solution having a particle size of ^200 k. 

55 
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Example 2 

This Example shows the measurement of control magnetization properties of a magnetic core. 

Rg, 6 shows a drcuit for measuring the control magnetization propjerties, which is equivalent to that for 
5 evaluating a saturable reactor. Rg. 7 is a schematic view showing the characteristics of a saturable reactor 
when DC control cunrent Ic flows through the control circuit in Fig. 6. sample S is a saturable reactor 
constituted by a magnetic core and 3 windings No Ne and Nv. 

Nu which conresponds to an output winding of the saturable reactor used in the magnetic amplifier, is 
connected to an AC power source Eg having a frequency f (period: Tp) via resistor Rl and rectifier D. The 
ro value of Eg is set such that the magnetic core becomes saturated at a phase angle within 90* of applied 
sinusoidal voltage in a half-period Tg of a gate. 

Nc is a control winding, and it is connected to DC power source Ec via inductor Lc having sufficiently 
large inductance as compared to the inductance of the magnetic core to give DC magnetization to the 
magnetic core. 

15 Nv is a winding for measuring reset niagnetic flux A 0 cm conresponding to control input and it is 

connected to an AC voltmeter of a mean value rectification type. 

Fig. 7 schematically shows a control magnetizatfon cun^ measured by this circuit 
By defining a redprocaf number of a total control magnetization force Hr as i3 o. 

fio = VHr 

20 For a saturable reactor, the larger $ o (the smaller Hr). the smaller control current, resulting in better 
characteristics. 

On the otfier han6, a parameter a o showing a squmness ratio of a magnetizatfon curve of a magnetic 
core is defined as follows: 

a 0 ^ 1 - A B|/A Bia 

25 For a saturable reactor, the larger a o, the smaller an uncontrollable magnetic flux density A Bb, 
resulting in better charactaristics. 

The productof a 0 and fio is expressed by a specific core gain Go: 

Go = ao * flo 

The larger Go, the more suitable the magnetic core is for a saturable reactor on the whole. 
30 The maximum value Bm of a magnetic flux ctensity corresponds to the maximum value of a gate 
magnetic field: 

Hu» = {NL*iifr»«i}'1e (1) 

where le is an average magnetic path lengtii of a sample. 

A magnetic flux density Be is determined by a control magnetic field: 

35 H = (Nc • U/le {2> 

Difference between tfte maximum value B^ amj tfie magnetic flux density Be is expressed as A Bem. 
and tite reading E^ of a magnetic flux voltmeter V In ttte Ny circuit is as follows: 

E^oeflMv-A'ABan (3) 

where f is a frequency and A is an effective cross-sectional area of ttie magnetic core. 
40 In an actual saturable reactor, it is necessary to know Hla- A Bb characteristics in a positive region of a 
magnetic field H and Htm - A Bt characteristics in a negative region of a magnetic field H. 
ABb = B^-Br (4) 
and 

Evd«f Ny' A* ABb 
45 On the other hand. 

A B = A Bern - A Bb (6) 

K is desirable for a saturable reactor ti)at in Bg. 8. the curve is low in the first quadrant and it is near 
tiie axis and steeply incfined in the second quadrant 

50 

Example s 

A melt having a composition <by atomic %) of 1% Cu. ia5% Si, 9% B. 3% Nb and balance 
substantially Fe was formed into a ribbon of 4.5 mm in width and 18 u m in ttilckness by a single roll 
55 method. This ribbon was almost completely amorphous. This nl)bon was formed into a toroidal wound core 
of 10 mm in inn^ diameter and 13 mm In outer diameter. This alloy had a crystallization temperature of 
508* C when measured at a heating rate of 10 * C /min and a Curie temperature of at>out 310* C. 

Next various patterns of heat treatment as shown in l=tgs. 4 (aHh) were conducted on each wound core 
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in a magnetic fiefd. When a magnetic field was appSed, it was in parallel with the magnetic path of the 
magnetic core at a level of 10 Oe. It was confirmed that the alloy after heat treatment had fine crystalline 
partides of 100 200 A composed sut>stantially of a bcc Fa soTid solution and occupying a majority of the 
alloy structure. 

5 Each v^nd core was contanied in a phenoi resin core case, ami 10 turns of wires were wound around 
each magnetic core on t)oth primary and secondary sides to provide a saturable reactor as in Example 1. 
The characteristics of each magnetic core were measured. The results are shown in Table l. 

Table i 



♦5 



20 



Heat Treatment 


B«3 




Hc(Oe) 




Condition 


flcG) 


(%) 




(mW'CC) 


(a) 


12.4 


70 


0.008 


340 


(b) 


12.4 


90 


0.005 


730 


(C) 


12.4 


82 


0.007 


610 


(d) 


12.4 


87 


0.005 


820 


(e> 


12.4 


83 


0.005 


680 


(f) 


12.4 


83 


0.006 


680 


^9) 


12.4 


91 


0.007 


810 


(h) 


12.4 


88 


0.008 


780 



As is shown in Table 1. each pattern of heat treatnient shown in Rg. 4 can provide the resulting 
25 magnetic core with high squareness ratia and their core losses Wa^ook at 21cG and 100 kHz were as small 
as those of Co-base amorphous alloy magnetic cores (Wsnoon 200 ^ 900). And their magnetic flux 
densities at 10 Oe ( ^ Bs) were 12.4 kQ. corisiderably higher than tho^ of Co-base amorphous alloys. 
80% Ni permaltoy. eta 

Incidentally, the alloy heat*treated by the pattem (b) in Rg. 4 had a Curie temperature Tc of 570* C and 
30 saturation magnetostriction X s of 3.8 « 10^. 



Example 4 

35 A melt having a compositton (by atomic %) of 1% Cu, 13.5% Si. 9% 8. 5% Nb and balance 
sut>stantially F=ie was formed into a titbon of 5 mm in width and 18 u m in thickness bf a single roll method. 
This altoy had a crystallization temperature of 533* C when measured at a heating rate of 10* Cmin. And its 
Curie temperature was ^0 * C. 

Next this ribbon was coated with MgO powder by electrophoresis, and formed into a wour>d core of 19 

JO mm in outer diameter and 15 mm In inner diameter. This wound core was heated at 610 C f or 1 hour in an 
Na gas atmosphere, and cooled to 250 * C at a cooling rate of 5*Cmin in a magnetic field of 5 Oe in 
parallel with the magnetic path of the magnetic core. After keeping it at 250* C for 4 hours, it was cooled to 
room temperature at a cooling rate of at)out 60 G'min. 

Another wound core of the same compos i t i on and the same structure was heated at 6i0* C for i hour. 

45 and then cooled to room temperature at a coofing rate of l00*C'min in a magnetic fieU of 5 Oe in parallel 
with the magnetic path of ttie magn^ic core. 

Each of these cores was contained in a phenoi resin core case, and 10 turns of wires were wound 
around each magnetic core on both primary and secondary sides to provide a saturable reactor. The 
characteristics of each saturat>le reactor were tested The results am shown in Table 2. 

50 
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Table 2 

Heat Treatment B»/Bia He WaytQon 

Condition (kG) (%) COe) (aW/cc) 



^ 610r X ih 

i 11.3 70 0.007 680 

,0 250 C X 4h(H* s50e} 

<fa) 6lOt: X lh-»R.T. 

11.3 87 0.006 380 

(H^ «50e) 



15 



As is clear from Table 2, these magnetic cores have high squareness ratio suitable for a saturable 
reactor. Inctdentalty. the alloy heat-treated by the pattern (b) had a main phase having a Curie temperature 
of 550* C and saturation magnetostriction X s of f x KT^. 

Further, it was observed that extremely fine crystalline particles existed predominantly in the alloy 
^ structure as in Example 1. 



Example s 

^ Saturable reactors w&tb produced by usmg an Fbjx sCufNt>3Sii3^B9 alloy A2, an FerisOuiNbsSliasBa 
alloy As. an Fen^Cuil^Siia^Bd alloy A*, a high-squareness ratio Fe-base amorphous alloy C2 - 
{Fero^NHTSIiaBio) and two high-squareness ratio Co-base amorphous alloys B2. Ba (Coes. 
7Feo.4Mn53SltsB9, COszFeiMoi^SiiBiBi!). respectively. The alloy Aa was heat-treated by heating it at 
550' C for 1 hour, cooling down to 280 * C and keeping rt at that temperature for 1 hour while applying a 

^ magnetic field of 2 Oe in the direction of tiie magnetic paUi. ttte alloy A3 was heat-treated by heating it at 
610*C for 1 hour, cooling it down to 250*C and then keeping it at ttiat temperature for 2 hours while 
applying a magnetic fiekl of 15 Oe in tiie direction of the magnetic patii. and tiie altoy A4 was heat^eated 
by heating it at 610 * C for 1 hour and then air-cooling it while applying a magnetic fieW of 2 Oe in ttie 
direction of ttie magnetic patii. Incidentally. B^B\o of each aOoy was as foitows: 

35 





B»;Bio(%) 


ALLOY Aa 


93 


ALLOY A3 


89 


ALLOY A» 


87 


ALLOY C2 


90 


AaOYB2 


95 


ALLOY 83 


85 



Core loss was measured at 2 kG for each magnetic core of altoy Aa-Ba. The results are shown in Rg. 9. 
As a result it was found that the magnetic cores (Aa. A3, A») used in the saturable reactor of ttie present 
invention showed a core toss comparable to or tower ttian those of the conventional high-squareness ratio 
Co-base amorphous alk>ys B2, B3. Thus, ttiey are suitable for a saturate reactor. Furtiier, it showed a core 
^ loss whtoh was half or less of ttiat of ttie conventional high-squareness ratio Fe-base amorphous alloy Ca. 



Example 6 

^ The alloys Ae. A3. A4. Ba and B3 shown in Rg. 9 were used to provide saturable reactors, and tiieir 
control magnetization characteristics were evaluated by ttie circuit shown in Rg. 6. tn tiiis case, ttte primary 
winding (Nv) and ttie secondary winding (NJ were respectively 17 turns and ttie control winding (r4e) was 5 
turns. The results are shown in Rg. 10. As is dear from Rg. 10, ttie saturabte reactor of ttte present 
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invention had a control magnetization force comparable to that of high-squareness ratio Co-base amorphous 
alloy for the sameA B. btjt the former had a total controllable magnetic density A Bm 15 2 times as large 
as that of the Co-base amorphous alloy saturable reactor. Acc o rtfin gl y. the saturable reactor of the present 
invention can be miniaturized under the concfitions that temperature increase of the core does not pose 
serious problems. 



Example 7 

'0 A saturable reactor produced from a finely crystallized altoy consisting essentially of 1% Cu. i3.5^e Si. 

9% B, 3% Nb and substantiaily balance Fe (by atomic %)» and the temperature characteristics of its 

magnetic properties were measured. The results are shown in Fig. 11. 

Substantially no change was observed with respect to a squareness ratio, Br B^c. a core toss, and a 

coercive force He in the range of room tamperature to 150*C. With reflect to Bt 3. it decreased by about 1 
95 kG by temperature elevation from room temperature to 150* C . posing no practical problem. Thus, it has 

been verified that the saturable reactor produced from the above finely crystallized alloy had excellent 

durability. 



20 Example 8 

Alloy melts having compositions shown in TdSote 3 were formed into amorphous ribl)ons each having a 
width of 5 mm and a thickness of 18 u m by a single roll method. Bach ribt>on was fbmied into a wound 
jcore of 19mm in outer diametar and 15 mm in inner diameter. Each wound core was heat-treated to form 
25 extremely fine crystalGne particies in the afloy structure. The heat treatment conditions were according to 
the heat treatment pattern (b) in Rg. 4. 

Each wound core was contained in a phenol resin core case and 10 turns of wires were wound around 
each wouTKl core on both primary and secondary sides to provkSe a saturable reactor as in Example 1. For 
each magnetic core, a DC B-H curve, an AC B*H curve, a core k>s$ W^nook at 100 kHz and 2 kG. and 
30 control magnetization curve at 50 kHz were measured. Incidentally, the control magnetization curve was 
measured for a saturable reactor of the same structure as in Example 6 by a method shown in Example 2. 

A magnetk: flux density B13 at a magnetic fiekJ intenaty of 10 Oe. a squareness ratio BrBic of the DC 
B-H cun/e. He (DQ. B^Bi (AC) of the AC B-H curve at 20 kHz. HctAC). yN^nwk. a total control 

magnetizatton fbroe Hr. and uncontrollable magnetic flux densityA Bb arc shown in Table 3. 
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The saturable reactors of the present invention had higher Btc than those ot the Co-base amorphous 
attoys and 80 wt% Ni Permalloy, and the fbrnier had high squareness ratio. In addition, the saturable 
reactors of the present invention had excellent characteristics comparatjie to those of the Co-base 

5 amorphous alloys in He. a core loss. Hr and A Bt>. Further, the saturable reactors of the present invention 
showed a low core loss compared to those produced from the 50 wt% Ni Permalloy and the Fe-t)ase 
amorphous alloy, which means that the saturat)le reactor of the present invention has excellent control 
magnetization characteristics. 

Because of these characteristics, the saturable reactor of the present invention can be operated by 

^0 small control current increasing the effenciency of a circuit In addition, since A 8^ is small, it enjoys a 
wide control range. 



Example 9 



Altoy melts having compositions shown in Table 4 were used to produce wound cores having extremely 
fine crystalBne particles as in Example 3, and each wound core was formed into a saturable reactor. For 
each saturable reactor, a magnetic flux density B«s at 10 Oe. a core loss W ^look at 100 kHz and 2 kG. an 
unoontrollabie magnetic flux density A B|> and saturation magnetostriction X. s were measured. The results 
20 are shown in Tatrie 4. 
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It is clear from Table 4 that the saturable reactor of the present mention has a tiigh squareness ratio, 
row He. a tow core loss, a low uncontrollable magnetic flux density A Bb than ttwse of the Fe-base 
amorphous alloy. Further, since it has low x s. the deterioration of m^netic characteristics by coatina etc. 
5 can be avoided. 



Example 10 

An amorphous alloy ribbon having a composition (by atomic of 1% Cu, 133% Si. 9% B. 3% Nb and 
balance substantially Fe. and an amorphous alloy tihbon having a composition <by atomic %) of 13.5% St. 
9% 8. 3% Nb and balance sut>stantially Fe were produced. The former amorphous alloy containing t)oth Cu 
and Nb had a crystatfization temperature of 508 *C wtm measured at a healing rate of 10' C min. while 
the latter amorphous alloy (containing no Cu) had a crystallization temperature of 583 * C when nieasured 

15 under the same comlition. 

Each amorphous alloy ribbon was formed into a wound core of 19 mm in outer diameter and 15 mm in 
inner diameter. The wound core containing Cu-Nb accorcfing to the present invention was heated at 550 * C 
for 1 hour wtdle applying a magnetic field of 10 Oe in the drection of its magnetic path and then cooled 
down to room temperature at a coofing rate of 20* C min in order that extremely fme crystalGne particles 

20 occupy a majority of the alloy structure. On the other harxL the magnetic alloy of the comparative example 
was heated at 500*C for 1 hour artd then cooled down to 280'C at a cooling rate of 5*C min wliile 
applying a magnetic field of 10 Oe in the direction of its magneOc path, and after keeping it at 280 *C for 4 
hours, it was cooled down to room temperature at a coo&ng rate of 20* C min. The wound core of the 
comparative example had an amorphous structure. Each of these wowid cores was contained in a phenol 

25 resin core case, and formed into a saturat)le reactor by winding a primary wire and a second wire by 20 
turns an6 a control wire by 5 tunns. 

Each saturat)le reactor was mounted in a magnetic control-type switching power supply having a driving 
frequency of 100 kHz. This switching power supply had two outputs: an output of 12 V (magnetic 
amplification control), and an output of 5 V (PWM control). By this switching power supply, the output 

30 characteristfos of the saturable reactor were measured. Incidentally, ii^ voltage was AC lOOV. and while 
keeping load cunrent of the 5 V output at constant, load cunrent at the 12 V output was changed. In this 
case, 12 V output terminal voltage, power supply effedency 9 and core case surface temperature increase 
A T were measured and compared between the two saturat>le reactorsL The resuRs are shown in Rg. 12. in 
which As denotes ttte saturable reactor of tfie present Inventton and Cs denotes the saturable reactor of the 

35 Fe-base amorphous aUoy. It has been made dear that the saturak>fe re»:tor of the present invention fiad 
smaller temperature increase and htgtter power supply efficiency than those of comparative example (Fe- 
t>ase amorphous altoy). with substantially no change in output voltage. 



40 Example t l 

A melt having a compositfon (by atomic %) of 0.8% Cu. 13.6% Si. 9% 6. 3% Nb and t>alance Fe. and a 
melt having a compositfon (l7y sttomfo %) of 1% Cu. 13^% Si. 9% B. 5% Nl>, and t)alance Fe were fbrmed 
into amorphous nlitXNis by a single roll method. Each ci the amorphous rit)t)ons was heat-treated in an N2 

45 gas atmosphere in a magnetfo field of 10 Oe in the d ir ect i on of ttie magnetfo path thereof. The heat 
treatment comfitions were heating at 550 *C for 1 hour, cooling to 280*C . and keeping at 280*C for 1 
hour for the former alloy. aruJ heating at 610* C for 1 hour, cooling to 250* C . and keeping at 250* C for 4 
hours for the latter alfoy. The magnetic fiefo was applied during the period of heat treatment By this heat 
treatment extremely fine crystaltiite particles were formed in the altoy structure. 

50 Each wound core was contained in tt)e Bafcelite core case and 10 tums of wire were wound around 
each magnetfo core on both primary and secondary skfes to provide a saturable reactor. The characteristics 
of each saturabto reactor were tested. 

Rg. 13 shows a DC B-H curve for each saturable reactor, in wlilch (a) is for the Fen.6Cuo«Nt>3Sii3^ B9 
alloy having B«o=12.4kG. Bfe/Bio=93% and He =0.004 Oe. and (b) is fbr the Fieri^CuiNbsSiiuBs altoy 

55 having Bio-11.3k6, BKBto=90% and Hc*0.007 '0e. For comparison, an amorphous altoy consisting 
essentially of 15% Si. 9% B. 5.9% Mn and balance substantially Co (by atomfo %) was produced and 
formed into a saturat)to reactor. It had Bio-7£kG. B,^Bio -92% and Hc30.004 Oe. Rg. 13 (c) shows its 



16 



EP0299 498A1 

DC B41 curve. It Is dear from Rg. 13 that the saturable reactors of the present invention (a) and (b) show 
higher Bio than that of the Co-base amorphous alloy (c) and they are almost equivalent in a coercive force 
He aruJ a squareness ratio B r'Bio. Further, the maximum permeabirity u aax was 1450k for the 
FiBTasCuasSiiaABsNbs alloy and tOOOk for the Feri.sCuiSiiasBsNt^ alloy. 

5 

Example 12 

An alloy melt of FoTzW^UxSiia^BgNbs (Alloy As) and an aitoy melt of Fens^Cu xSii33B9 (Alloy Aj. 
'0 comparative example) were formed into amorphous riblxms by a single roll method. Next each ribbon was 
formed into a wound core of 19 mm in outer diameter and 15 mm in inner diameter, and the resulting 
wound core was heat-treated under the same conditions as in the heat treatment pattem in Fig. 4 while 
applying a magnetic field of 20 Oe in the direction of its magnetic path in an Nz gas atmosphere. The heat- 
treated wound core %vas then contained in a phenol resin core case and 10 turns of wires were wound on 
15 primary and secondary sides to provide a saturable reactor. The saturable reactor was measured with 
respect to control magnetization characteristic in the circuit shown In Example 2. 

Rg. 14 shows specific core gains Go measured at 50 kHz. For Alk)y Ae when x exceeds 0.1. Go 
increases extremely, bat when x exceeds 3 Go undesirably decreases. 

When Nd is not added (Altoy A/), Go is not improved by the addition of Cu. This means that the 
20 addition of both Cu and Nd is extremely effecth^ for improving the control magnetization characteristics of 
a saturable reactor. 



Example 13 

25 

An alkiy melt of Fomsa CuiSh&sBTNba (Alloy As) and an alk^ melt of FeTjMSiissB/Nba (Aitoy Ci) 
were formed into an am o r phous ribbons by a single roll method. Next each rfblxm was formed into a 
wound core of 19 mm in outer diameter and 15 mm in Inner diameter. Each wound core was heat-treated 
under the conditions as in the heat treatment pattem (b) in Rg. 4 while applying magnetic field of 20 Oe in 
30 the direction of the magnetk: path in an gas atmosphere, and a saturable reactor was produced as in 
Example 12. Its spedfic core gain Go was measured at 50 kMz. The results are shown in Rg. 15. It has 
been verified from Rg. 15 that the saturable reactor of the present invention had extrenwly larger Go than 
comparative example* meaning that the addition of both Cu and Nd is remaricably effective for improving 
the control magrtetization characteristics. 

35 

Bcampte 14 

A melt consisting of 1% Cki. 13.5% Si, 9% B. 3% Nb and balance substsmtially Fe by atomic % was 
40 formed into a ribtxjn of 3 mm in width and 18 u m in thickness by a single roll method. This ribbon was 
subjected to a heat treatment shown by Rg. 4 (b) in Example 3. Next this ribbon was formed into a wound 
core and ttien introduced into a phenol resin case. 20 turns of wires of 0.4 mm in diameter were wound 
around It to provide a reactor for semteonductor circuit shown in Rg. 16. This reactor was measured with 
respect to inductance at 1kHz. A ratio of the maximum inductance to the initial inductance was 3.03. and a 
45 ratio of the maximum inductance to a resklual inductance was 300. Incidentally, the reskiual inductance is 
an inductartce measured when DC current is applied. 

Since the maximum inductance-resklual Inductance ratio Is large, the reactor Is excellent in improving 
the recovery diaracteristtos of a (fiode. 

Rg. 17 shows a baste drcuit of a switching power supply using the above reactor. In Rg. 17, 10 
50 denotes a main transformer, 11. 12. 13 each diode. 14 a smoothing dioke. 15 the reactor of the present 
inventkMi. and 16 a toad. Input and. output were both DC voltage. Rg. 18 shows the wave forms of load 
current A denotes a case whero no reactor was used, and B denotas a case whero the reactor was inserted 
into a half-wave rectifier circuit operated at a pulse wklth of lOu sec and input voltage of 100V DC. By 
using ttie reactCNr of the present inventton. current spike was remarkably decreased. 

55 
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Example 15 

A melt having a composition (by atomic %) of 1% Cu. 135% St. 7% B. 25% Mb and substantially 
t>aiance Fe was fonned into an amorphous ribbon of 3 mm in width and 18 u m in thickness by a single roll 

s method. The ribbon was coated with MgO powder on the side of contact with ttte single roll, to form an 
insulating layer. It was then wound to provide a ton^dal wound core of 4 mm in outer diameter and 2 mm in 
inner diameter. This wound core was heat*treated at 550 * C for 1 hour, and its outer surface was coated 
with an epoxy resin and connected to diode terminals to provide a semiconductor circuit reactor combined 
with a diode as shown in Fig. 19. in which 20 denotes a diode and 21. 22 denote the reactors of the present 

to invention. 

Next, this reactor was used in a smoothing circuit on the output side of a switching power supply to 
measure diode voltage and output noise. 

When the reactor of the present invention was not used, the diode voltage was 61 .0 V and the output 
noise was 123 mVp-p. but when it was used tfie diode voltage was 335 V and the output noise was 47.3 
?5 mVp*p. Thus it was confirmed that the reactor of the present invention has excellent smoothing and noise 
reduction effects. 
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Example 16 

Reactors were produced from aiioy ribbons having compositions sfiown in Table 5 in the same manner 
as in Example 14. and their initial inductarice lo snd maximum inductarx^ Im ^^^ere measured. After heat 
treatment at 120* C for 1000 hours, their initial inductance Lo'°°° and maximum inductartce L^-^^^ were 
also measured to determine ratios of Lo'^^*^ U and Lm^^^^^'lm- The results are shown in Table 5. 



55 
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Table 5 





Mo.* 

1 
■ 


Cnmnosltion (atj^) 






c 
w 


FekAi CuiSiftBsNbs 

• 


0.95 


0.97 






Pfih.t CuiSli iBrMOs 


0.97 


0.97 . 


10 




Psw * . Cut Sii A Be Tai 


0.96 


0.98 






fTAw.i Cii«Slt«B«Wt 


0.97 


0.97 








0.96 


0.97 


15 


0 


rOk* I. WUt Mil 1 


0.95 


0.95 




7 


f 9k # i • wU| ft0V ***■ ■ 


0.96 " 


0.97 




a 

o 


Pai... CUtSlf ftBftNbsCTi 


0.96 


0.95 




o 

m 


Fei.*t CuiSli ftBtNbi. tVi 

* 


0.95 


0.95 




in 


Pdw.i CuiSit sBiNbsAi « 


0.96 


0.97 




1 1 

1 1 


Pd^.t CiisSli vBsMba 


0.99 


0.98 


25 


10 


fpo* •^k.i.t CusSli s. iBttNbs 


0.98 


0.97 




1^ 


tfam •■Coa ic)^>t CusSil ». sBfNbk 


0.97 


0.96 


30 


in 




0.96 


0.9tt 


1R 
19 


(Vmm tl^.L CuftSitaBfNb* 


0.97 


0.95 




1A 
lO 


PAi..i «Si« sBftNbsMnt 


0.95 


0.95 


35 


17 


Pa*..!^ Cui Si« sBaNbsRUt 

r Vk ft i • t^MM 


0.99 


0.99 




Ifi 


PAv>^t CutSlvBoNbaZni 

F 9k ft I • W%i f MAT *'y MM f 


0.96 


0.95 






FfikAi CutSiftBt aTaaSnt 


0.96 


0.94 




20 


Pek.i CuiSii iBiMosRei 


0.95 


0.95 




21 


Fekfti.CuiSiiiBtNbtCt 


0.96 


0.96 




zz 


rSkki.CUiSli 3Bi tniDU83 


0.98 


0.95 


45 


23 


Fek • i . Cui SI 1 • Bt Mb( Ga* 


0.97 


0.98 




2ft 


Fek • I . Cui . sSlt T&Nbc 


0.96 


0.96 




25 


Fek.i.CuiSltsBvNbz 


0.98 


0.95 


50 


26 


Co««. sPe»Mot . iSii •Bi 0 Aoorphous 


0.18 


o.a2 




27 


Cot*. »F9i.sMn3Cr*SlisBt Amorphous 


0,17 


0.40 



Note *s Sasiple Nos« 26 and 27 are Comparative Examples. 
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It is Clear from Table 5 that the reactors for semiconcluctor ctrcuit according to the present invention 
have much snaller inductance change with time than the conventional Co-base amorphous alloys. 

5 

Example 17 

A melt having a composition (by atomic %) of 1% Cu. 14<^o Si. 8% B. 5% Nb and balance substantially 
Fe ivas formed into an amorphous alloy ribtx>n of 5 mm in width and 20 u m in maximum thickness and 17 
10 u. m in average thickness by a single roll method. The ribtwn was formed into a toroidal wound core of 6 
mm in inner diameter by winding it 20 times and then heat-treated at 600* C for 1 hour in an argon gas 
atmosphere and then air-cooled. Thus, the magnetic core having the same altoy structure as in Example i 
was formed. 

20 turns of a wire was wound around this magnetic core to provide a reactor for a semiconductor 
fS circuit This semkxnductor circuit reactor was inserted into a switctiing power supply in series with a diode 
to detenmine its power supply efficiency. As a result the power supply efficiency was 80%. Also, the 
temperature increase of this reactor was 15* C. On the other hand, when a similar reactor made of an Fe-Si- 
B amorphous alloy was used, its power supply efficiency was 77%. meaning that the reactor of the present 
invention enpys higher efficiency. 

20 

Example 18 

AUoy melts having compositions shown in Table 6 were rapidly quenched by a single roll method to 
25 produce amorphous aikyy ribbons, and each (rf these amorphous ritibons was formed into a toroidal core of 
35 mm in outer diameter and 25 mm in inner (fiameter. Each wound core was heat-treated at a temperature 
equal to or h^er ttian its crystallization temperature in a magnetk: fieki of 5000 Oe in perpendicular to its 
magnetic path to generate extremely fine crystalGne particles in the alloy structure. 10 turns of 2 wires were 
wound around this wound core as shown in Fig. 20 to produce a common mode choke. This common mode 
30 Choke was measured with respect to DC magnetaic characteristics, a core loss W^iook at 2kQ. an at^olute 
value of complex permeability at 100 kHz | u | ioqk . effective pulse permeability u. at a pulse width of 10 a 
s and A B of 4kG and saturation magnetostriction X s. The results are shown in Table 8. 
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Their DC magnetic characteristics are comparEd>le to those of the Fa-base amorphous alloy, and their | 
u I 10 3k vvas comparable to ttiat of the Co-base amorphous aJloy. In a frequency band near 100 kHz m 
which noise problems are most serious, the common mode chokes of the present invention have large 
5 common mode noise attenuation effects. In addition, it has been verified that the core fosses at 2kG and 
100kHz of the common mode chokes of \he present invention were smaller than that of the Fe-base 
amorphous altoy. and ttiat with respect to saturation nuignetostnction. the Fe-tKise soft magnetic alloy is 
almost as small as that of the Co-base amorphous alksy. 

»o 

Examole 19 

An alloy melt having a compo^'tion (by atomic %) of 1% Cu. 16.5% Si. 6% B. 3% Nb and balance 
substantially Fe was formed into an amorphous ribbon of 7.5 mm in width and 18 u m in thickness by a 
15 single roll method. This amorphous altoy ribbon was wound to form a toroidal core of 19.5 mm in outer 
diameter and 9.6 mm in inner diameter. This wound core was heat-treated in an Na atmosphere in a 
magnetic field of 3000 Oe in perpendicular to the magnetic path. In this heat treatment it was heated at a 
heating rate of 10 *&min, kept at 510*C for 1 hour, cooled down to room temperature at a cooling rata of 
2.5* Cmm. 

20 This wound core was introduced into a phenol resin core case, and 10 turns of two wires were wound 
around it as shown in Fig. 20 to provide a common mocte choke. Its magnetic characteristics were 
measured. As a result B<o » 12kQ. B^B^o » 14%. Hc»0i)l8 Obji^ » 28000. { u | im 22000 and 
B^=ii.9cG. 

Next this common mode choke was used as a line filter in an AC 100V input line for a switching power 
25 supply operatrie at 50kHz. Common mode noise reading from ir^ terminals of the power supply was 
measured. The results are sfK>wn in Fig. 21. It Is dear from Rg. 21 that the line filter (denoted by A9) using 
the common mode cttoke of ttie present invention stKyws larger noise level reduction effects at a lower 
frequency ttian that using a Mn*Zn fenrite core (denoted by D). 

30 

Example 20 

An altoy melt (Altoy Ato) having a composition (by atomk: %) of 1% Cu. ia5% Si. 9% B. 3% Nb and 
t^alance sut>stamially Fe w^ formed into an amorphous ribtxm t)y a single roll method. This amorphous 

35 ribbon was wound to fbnm a toroidal core of 31 mm in outer cfiameter and 18 mm in inner dliameter. This 
wound core was heat-treated in an N2 atmosphere by applying a magnetic field of 5000 Oe in perpendk:ular 
to its magnetic path, to generate extremely fine crystalline particles in its alloy structure. 

This wound core was introduced into a Bakelite core case, and 10 turns of wires were wound around it 
on both primary dsnd secondary sides to measure its magrtetic characteristics: DC B-H curve and pulse 

40 permeabifity a p. The results are shown in Figs. 23 (a) and (b) respectively. It was ot)served from Fig. 23 (a) 
that the magnetic core of this Bcample had BiG=»t2.4kG. a-Bio^^^il^. Hc»0.0li Oe. 0^^35000 and a 
core k>ss W2nook"230mW/cc. For comparison, those of Mn-Zn fenrite (D) and Co-base amorphous alloy 
(Cb6s.7FeQ.4MnsASi«sB9. Alloy B«) are also shown in Fig. 23 (b). 

It has been verified that the magnetic core of the present invention shows high saturation magnetic flux 

45 den^ and penmeability wfth no variatk)n with time and tow sQuareness ratio and core toss, and tiiat 
accortfingly it is superior to tiiose of c om p arati ve examples in the dependency of effective pulse 
permeatxOty on magnetic flux density variation A B. Therefore, when used as common mode choke, it is 
less Hkeiy to be saturated by higtvvoltage noises, keeping high inductance. Thus, it can provide a line filter 
having excellent higti-voltaga pulse attemiation characteristk:s. In addition, the frequency characteristics of 

50 an at>solute value of complex penneat>i6ty | u | of ttiis magnetic core was measured. The results are shown 
in Fig. 24. In Fig. 24. An denotes ttie FsTasCuiNbaSiiasBs altoy of ttie present invention^ Bs denotes ttie 
CoTajFeaaMnsSiisB 9 amorphous altoy (comparative example). C5 denotes tiie f=e77. sSisBiaj amorphous 
altoy (comparative example), and D denotes Wtn-Zn ferrite. The fact that Ai * has large | u | means that it 
has large attenuation effects to usual noises. The magnetic core of the present invention has | u | 

55 comparabto to or even higher than that of the CcHsase amorphpous altoy. Accorcfingly. when it is used for a 
transformer core, it can reduce transformer's exciting current and is less saturated at highA B. and if 
temperature increase does not cause serious protriems. it can be miniaturized. Therefore, high effictency 
transformer can te obtained from it 
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Example 21 

An alloy melt having a composition (by atomic %) of 1% Cu. 13.5% Si, B. ^5% Nb and balance 
substantially Fe was formed into an amorphous ribbon of 6^ mm in width by a single roll method. This 

amorohous ribbon was wour)d to form a toroidal core of 20 mm in outer diameter and 10 mm in inner 

- g- 

diameter. This wound core was heat-treated under the following conditions: 

(a) Heating at 550* C for 1 hour in an Ar atmosphere without magnetic field, and 

(b) Heating at 550* C for 1 hour in ttie same atmosphere as In (a) while applying a magnetic field of 
3000 Oe in perpendicular to its magnetic path. 12 turns of two wires were wound around each wound core 
to provide a common mode choice. Each common mode choice was measured witii respecrt to pulse 
attenuation characteristics by using a circuit shown in Rg. 26 (a), in which 25 denotes an Impulse noise 
simulator. 26 a sample and 27 an osdiloscope. The measured pulse attenuation characteristics are shown 
in Rg. 26 Cb). in which A12 denotes tits common mode choke produced from the magnetic core heat- 
treated by (a), and A13 that produced from the magnetic core heat-treated by (b). Rg. 26 (b) also shows the 
pulse attenuation characteristics of common mode chokes made of Mn-Zn fienite (D) and Fe-base 
amorphous alloy (Cg). It has been verified ttiat even the common mode choke A12 heat-treated without 
magnetic field shows higher pulse attenuation characteristics tiian ttie Mn-Zn fenrite 0, and that ttie common 
mode choke Ai3 heat-treated in a magnetic field show higher pulse attenuation characteristics tiian ttie Fe- 
base amorphous alloy Ce. 



Example 22 

Witti respect to ttie common mode chokes produced in Bcample 21. ttie dependency of attenuation on 
frec)uency was measured. A measuring circuit used is shown in Rg. 27 (a^. in which 28 denotes a standard 
signal generator, 29 a selective level meter, 30 a sampte. and 31 a power dfvkier. Input signal level viras 0 
dbm. The results are shown in Rg. 27 (b) togettier witti ttiose of Mn-Zn fenite D. ft has been verified ttiat 
ttte common mode choke of ttie present Invention shows better attenuation effects ttian ttiat of ttie Mn-Zn 
fenrite D in all frequency area. 



Example g 

Wfth respect to common mode chokes using ttie finely crystallized altoys of ttie present invention and 
ttiose using conventional altoys. magnetic characteristics and high-voltage pulse characteristics are shown 
in Table 7. Here, each common mode choke comprises a wound core of 12.5 mm in widtti. 25 mm in outer 
diameter and 15 mm In inner diameter and 22 turns of 2 wires. Incidentally, a magnetic field, if necessary, 
was applied at 3000 Oe in perpendicular to ttie magnetic patii cfoiring heat treatment 
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The common mode chokes of the present {nvention show higher at>solute values of | u | at 100 kHz and 
tetter noise attenuatton characteristics than those made from the conventional amorphous altoys which 
were partially crystallized. Also, since they show small output voltage V o to pulse voltage of 1000 V and 1u 
5 sec, excellent line filters can be produced by using the common mode chokes of the present invention. In 
addition, it has been confirmed that | u | can be improved by heat treatment in a magnetic field. 



Example 24 

10 

Table 8 shows magnetic characteristics and high-voitage pulse characteristics of the common mode 
chokes of thepresent Invention having the stnicture of Bcample 23. Incidentally, a magnetic field of 3000 Oe 
was applied in perpendicular to the magnetic path during heat treatment In addition, as in Example 23. an 
absolute value of complex penmeafaility | a | at 100 kHz and output voltage Vo to pulse voltage of 1000 V 
IS and 1u sec when combined in a line filter were measured for each common mode choke. The results are 
also stiown in Table Q. 
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table B 



5 


No. 
1 


CofflDositlon (atS) 


Vo fV) 


1 M 1 1 •Ik 


U 

Wt / t • 0 k 

(mW/cc) 




FeriCutSlisBfNbsTli 


•7 


18400 


240 


?0 


2 


Fs«.CutSiisBtWsV. 


16 


19200 


270 


3 


Fei»CuiSii«3«MoiM»i 


18 


18000 


270 




4 


FeitCuiSlifBiNbsRui 


19 

• 


17000 


260 


■9 


5 


Fbt iCUi Sit »Bi oTa«Iiht 


17 


16500 


300 




6 


FertCutSiitBaZrsPdi 


15 


17000 


320 




7 


Pert. iCu*. iSii»B»Hf3lri 


16 


18500 


330 


20 


B 


PeraCuaSli cBtNbsPti 


16 


19100 


260 




9 


Foto. tCui.sSltsBtNbsAui 


• 1ft 


19000 


250 




10 


Fer 1 . tCu«. sSli sBfNbaZni 


18 


15200 


310 


25 


n 


Fe« ». sCUi . sSli sBtNbaMot Sni 


17 


17000 


270 




12 


Fe«*. iCus. sSiisBfNbjTaiRei 


17 


17100 


310 




13 


Pe«»CuiSiisBfNbi2riA£ ■ 


19 


18000 


300 


30 




Fei .Cut Sli f B«Nb)Hf 1 Sci 


17 


17800 


290 




15 


Fet«CuiSliiBtiif»Zrt7. 


18 


16AO0 


330 


35 


16 


Fe* iCuiSit sBfNbsLai 


16 


15000 


390 


17 


Fet tCui Sli rBtMotCBi 


17 


13200 


380 




18 


FetrQiiSltTBvWfPrt 


17 


12800 


400 


40 


19 


Fe«tCutSitTBtTatMbi 


13 


13600 


410 


20 


FOvtCU- Sli vBtZTsSlDi 


16 


11000 


370 




21 


Fe« tCui Sit tBi oRf iBut 


U 


11200 


380 


4S 


22 


FeaaCUtSlt aBaNblGdl 


16 


11100 


390 




23 


FettCutSil tBtMbsTbi 


18 


11000 


360 




24 


FaTsCutSlt«BfllbiI^i 


19 


10800 


370 


» 


25 


FeT*CuiSii (BsMbsfiOi 


19 


10100 


360 




26 


Fe* iCui Sit tBf NbsCrt Tli 


18 


17200 


240 




27 


(Fe». tsCos. et)TtCuiSit»BtNb3Crt 


17 


16800 


230 


S5 


28 


(Feo. tsCoo. •s)TtCuiSii»BtTa3Rui 


19 


15800 


270 
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Table 8 (continued) 

^ t 0 0 k 

No. CQgmositlon (at?) Vo Tv) i ^ 8 ioq" 



29 


(Feo. tCoe. t)T*CuiSlt*B*TasMnt 


19 


15500 


280 


30 


(Fee . • 9 Nlo . a 1 ) f iCui Sii » BvTasRui 

• • 


18 


14600 


270 


31 


(Fee. tsNio.«s)tiCuiSii*B«Ta3CriRui 


19 


14300 


270 


32 


(Feo. •oNId. i)«aCutSli >B»WsTliRut 


19 


13900 


300 


33 


(Feo.asCoo.esNlfl. o2)ia. tCutSli a. sBiWsCrtRhi 


18 


14200 


270 


3« 


(Fea. aaCoa. •iNle. at )a«CuiSltsB>WiKU3 


19 


14300 


240 


35 


FetaCuiSiisBtNbaCi 


18 


17200 


230 


36 


FeisCutSltsBtNbaGe* 


15 


17300 


220 


37 


FettCuiSitsBtNbsPt 


14 


13200 


240 


36 


Fct sCut Sit sBvNbsGai 


16 


13800 


-250 


39 


FeTsCutSli 3B9Mb>Sbi 


17 


15800 


290 


AO 


Fet aCui Sii aBsNbsASi 


16 


13200 


310 


41 


FetiCutSiisBiMosCz 


19 


15900 


330 


42 


FeT oCui Sit »B«Mo*Crt Ct 


19 


11000 


330 


43 


(Feo. asCoo. •()toCutSit3BfNbiAi rCi 


18 


14500 


340 


44 


(Feo. •oNio. •t)teCutSii3B»WsViGet 


17 


17800 


340 


*5 


Fer*. cCui.sSitsBvlibsRUiCt 


17 


16900 


270 


46 


Fe* (Cut Sit kBoTasCPt Rut Ci 


16 


17800 


290 


47 


Fet«CatSlt»BtMbiB8i 


16 


16200 


260 


48 


Fe« iCut Sit xBoNbf Mnt Bet 


17 


15800 


260 


49 


Fet flCuaSii tBtZr^Rbt Zhi 


16 


16100 


270 


50 


FeT 1 CU2 S1 1 3 Bt Hf $ Aui C i 


15 


15800 


280 


51 


Fe««CuiSlt«Bi«M09SoiGei 


19 


14300 


280 


52 


* 

Fe«T. tC^o. sSIi »Bi iHbsYiPi 


18 


14200 


260 


53 


Fet tCui Sit 3B1 tMbsLai Oai 


17 


13200 


400 


54 


(Feo. asNlo. Hs)T*CutSii3B9NbBSatSbi 


18 


16800 


420 


55 


(Feo. tsCoo. ai)TaCUiSii>B»Nbs2iiAst 


17 


15900 


390 


56 


(Feo. loHie. ozCoo. ot)ToCutSit3BfNbsSniInt 


18 


16700 


390 
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Tabid 8 (continued) 
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No* 


Comoosition latrSi 


vo fVj 


1 itf i tooa 


(fflW/cc) 
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Jet tCui Sis 3B9M05Rei Cg 


17 


15300 


340 




58 


FectCUl SiiaBfMoiCaiCt 


16 


13300 


f« A A 

400 




59 


• 

Fe • • Cu 1 Si 1 3 B9 Hy Pr 1 Ca 


m in 

14 


14300 


410 


95 


60 


Fet tCui Sii sBf HsNds Ca 


15 


15000 


A /% A 

380 




6T 


F60 tCui Sit 4Bf TatGdi Ct 


• 

18 


13200 


lft« A 

410 


20 


62 


Fet«CUi Sif aBffMbsTbi Ct 


9 


11000 


b A A 

420 


63 


Fot • Cu t Si t • Ba Nbs Qsr 1 Ga 1 


i9 


« AAA A 

10000 


■■ m A 

A10 




64 


Fe? tCui Sif aBrNbsPdt Gfti 


18 


15000 


aio 


25 


65 


FeT •Cut Sit a BtNbs Irx Pt 


• 17 


13800 


410 




66 


Fot tCui Si t a Bt Nba Qs t Gat 


19 


15100 


270 




67 


Fbt I Cut Sit ftBf TaaQ^i Ct 


. 15 


14800 


280 


30 


68 


Fe» f Cut Sii a Ba Zrs Vi Cf 


18 


1 3700 


300 




69 


Fe« 8 Cut Sit aBaHfsCraCt 


17 


13800 


280 




70 


Fe« • Cut Si II BtMot Rua Ct 


15 


15800 


270 


35 


71 


FttToCut Sit •BffttoaTif Rut Ci 


15 


13800 


270 




72 


Fe • r Cu t Si 1 1 B f MdU Rha C t 


16 


15000 


250 



Example 25 

An amt^phous alloy ribbon having the same composition as in Example 19 and having a \Andth of 7.5 
mm and a thickness of 20u m was fomted into a torotdat core as shown in Rg. 22 (a), and the torotctid core 
was heal-treatBd wfnie applying a magnetic field of 5000 Oe in perpendicular to its magnetic path during the 
overall period of heat treatment to generate fhie crystalline particles in the alloy structure. Incidentally, the 
heat treatment was conducted by healing to 500*0 at a heating rate of 20* Cmin. keeping at 500*0 for 1 
hour. cooRng to 280* C at a cooBng rate of 5*Cmin. keeping at 280* G for 2 hours, and then cooling to 
room temperatum at a cooOng rate of 2*&min. A Capton tape was wound around this wound core as 
shown in Fig. 22 (b) to provide a transformer core. After winding wires around this core, its magnetic 
characteristics were measured. As a result Bio-l2kG. B ,^610 - 12%. Hc-0.012 Oe and 
W2iook-240mW/ca In additk)n, when a transformer core was produced by first impregnating the wound 
core with an epoxy resin in vacuum to provkto a mokled core and then winding a Capton tape around ttre 
mokled core, the transfonmer core Stowed B^QS12kG, Bi^Big = 18%. Hc=0.0i8 Oe and W2^tQ0k-370 
mW/cc. 

For comparison, an amorphous alloy ribbon consisting essentially of 13.5% Si, 9% B. 3% Nb and 
balance stjbstantially F^ by atomic % was formed into a toroidal core, and a Capton tape was wound 
around it to produce a transformer core (Comparative Bcample 1). and the above toroklat core was 
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impregnated with an epoxy resin dn6 then a Capton tape was wound around it to provide a transformer core 
(Comparative Example 2). The transformer core of the comparative example 1 showed a core loss 
Wznook- 1500 mW/oc while that of comparative example 2 showed extremely large core loss W2.naok=3300 
mW'ca Thus, the transformer core of the present invention shows much smaller core loss even though it is 
5 impregnated with a resin. 



Example 26 

10 The finely crystallized alloy having the composition as in Example 20 was formed into an E core shown 
In Rg. 25 (a), and heat-treated at 550 *C for 1 hour in an Ar atmosphere to generate extremely fine 
crystalline particles in its alloy structure. And then an E-type transformer core was formed as shown in Rg. 
25 (b). A measurement of the magnetic characteristics of this core shows that its saturation magnetic fiux 
density was 12.6kG. more ttian dout>Ie that of Mr>-Zn ferrite and its core loss W^^ook was 280 mW/cc 

rs 13 turns of a wire on a primary side and 8 turns of a wire on a secondary side were wound around this 
core, and mounted as a transformer in a switching power supply operable at 200kHz. Temperature increase 
A T of the core was measured. The results are shown in Table 9. 

Table 9 

20 



Magnetfo Core 


AT 

(•c) 


l=e74sCuiSltasB9Nb2 
MrvZn ferrrte 


30 
38 



It shows tiiat the core of the present invention suffers from less temperature increase than that of Mn- 
Zn ferrtte, exerting less Influence to other elements. 

30 

Example 27 

An alfoy mett of Fe73^iSiia5B6Nb3 (by atomfo %) was fbnnned Into an amorphous alloy ribbon^ and 
35 the amorphous aUoy ribbon was coated with an MgO layer by^an electrophoresis method. It was then 
wound in the fbrm shown in Rg^ 28 (a), and heat-treated at 530 *C for 1 hour and then cooled. After heat 
treatment, this core v/as impregnated with varnish and cut at center by a peripheral sticer. The cut portions 
were ground and lapped to produce a cut core shown in Rg. 28 (b). Its core loss at 100 kHz and 2kG was 
as tow as 500 mW/cc. 

40 Such cut core can be formed into a transformer by inserting the botbin provided with wires into the cut 
core. Accordingly, it is advantageous m tiiat its winding operation is easy. Also, by providing a gap. ttie 
core's effective permeability can be controlled. 



46 Example 28 

Rg. 29 shows dependency of a core loss on frequency of the magnetic core of FoTasCutSliuBsNba - 
(Altoy Ai6. present invention) as ^Miwn in Example 14. together with those of the conventional materials. Be 
denotes a C069jFea4Mn53Sii5B9 amorphous alloy. C? denotes an Fots^Oi 8113369 amorphous alfoy. and D 

50 denotes Mn-Zn fenrrte. The magnetic core of the present Invention showed a core loss which was equal to 
or smaller ttian ttiat of ttie Co-base amorphous alloy (Be) up to a high-frequency region and much smaller 
than tftose of ttie Fe-base amorphous aifoy (Cr) and tfte Mn-Zn ferrito (D). Thus, the magnetic core of the 
present invention is excellent as a trans fo rmer operat>le at high frequency. With respect to a saturation 
magnetic flux density, ttte magnetfo core of the present invention is much higher than those of the Mn^Zh 

65 ferrite and ttte Co-base amorphous alfoy, meaning ttiat ttie magnetic core of the present invention can be 
used for miniaturized transformers. 
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Claims 

I. A magnetic core made of an Fe-base soft magnetic alloy consisting essentially of Fe, Cu and M 
wtterein M is at least one of the elements Nb. W, Ta, Zr. Hf. Ti and Mo. at least 50% of the alloy staicture 

5 toeing occupied by fine crystaiOne particles, and the change ratio X of the effective permeat)ility with time of 
said magnetic core k>eing 0.3 or less, where X is defined by the following formula* 
X = 1 - Ub Ua 

wherein Ua is the effective permeatnlity at 1 kHz. and Ub is the effective permeability at 1kHz after heating 
at 100 * C for 1000 hours in the air. 
10 2. The magnetic core according to claim 1. wherein said F=e-base soft magnetic alloy has a saturation 
magnetic flux density Bs of IT or more and an effective permeakMlity of 5 x 10^ or more. 

3. The magnetk: core according to daim t or 2. wherein said FM>ase soft magnetic alloy has saturation 
ma^etostriction X, of -i-S x 10"* - -5 x 10^. 

4. The magnetic core according to any one of claims 1 to 3. having a DC B-H curve's squareness ratio 
15 8, of 30% or less, an at)solute value of complex permeabiOty [uj at 100 kHz of 1000 or more, a 

magnetic flux density Bi at 1 Oe (80 Am) of 0.5 T or more and a magnetk: flux density B«s at 10 Oe (800 
Am) of 1 T or more. 

5. A saturable reactor comprising the magnetic core according to any orte of claims 1 to 4. 

6. The saturat>le reactor according to daim 5. wherein its uncontrollat)le magnetic flux density ABb at 50 
20 kHz IS 0^ T or less. 

7. A reactor for a semiconductor circuit comprising the magnetic core according to any one of claims 1 
to 4. 

a The reactor for a semiconductor circuft aocorcfing to any one of claims 5 to 7. wherein said Fe-toasa 
soft magnetic alloy has a DC B-H curve's squareness ratio Br . B13 of 70% or mote. 
25 9. A common mocto cfioke comprising the magnetic core a ccord in g to any one of claims 1 to 4. 
10. A line filter containing tfie common mode choke of daim 9. 

II. A high-frequency transformer core comprising the magnetic core according to any one of claims 1 
to 4. 

12. A high-frequency transfonner comprising the magnetk: core of claim 1 1 and two or more windings. 
30 13. A method of produdng a magnetic core comprising the steps of rapidly quenching an alloy melt 
consisting essentially of Fe, Cu and M, wherein M is at least one of the elements Nb. W. Ta, Zr. Hf . Ti and 
Mo to fbrm an amorphous ribtxm, forming said amorphous tftibon into a wound core and then heat-treating 
said wound core so that said altoy has fine crystalSne partides occupying at least 50% of its structure. 
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FIG. 3 (b) 




FIG. 5 



EP 0 299 498 A1 



FIG. 4 
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FIG: 4 
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FIG. 9 
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FIG. I I 
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FIG. 12 
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FIG. 16 
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FIG. 19 FIG. 20 
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FIG. 26(b) 
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